During the course of a study on the bacteria inhabiting the moss Physcomitrella patens, a novel strain was isolated and designated strain XA T . On the basis of 16S rRNA gene sequence analysis, strain XA T was assigned to be a member of the family Microbacteriaceae, within the phylum Actinobacteria. According to previous reports, species of the family Microbacteriaceae have been isolated from very diverse environments: plants, soil, air, dairy products, sewage, mushrooms, compost, insects and groundwater. Members of the family Microbacteriaceae are Gram-staining-positive, aerobic, motile or non-motile, non-spore-forming and have high genomic DNA G+C contents (Park et al., 1993; Stackebrandt et al., 1997) . At the time of writing, the family Microbacteriaceae includes more than 50 genera with validly published names. In general, there is a higher 16S rRNA gene sequence similarity and relatively similar composition of the major fatty acids among different species or genera within this family. Chemotaxonomically, the cell wall composition and respiratory quinones are often considered to be the important distinctive characteristics within this family (Han et al., 2003; Kämpfer et al., 2000) . In this paper, a polyphasic taxonomic approach was used to determine the taxonomic position of strain XA T and the results show that it represents a novel species of a novel genus in the family Microbacteriaceae.
Strain XA
T was originally isolated from sterile cultured moss, Physcomitrella patens. About 1 g subcultured Physcomitrella patens was ground under aseptic conditions and then homogenized in 1 ml autoclaved 0.85 % (w/v) NaCl. Subsequently, serial dilutions were made and spread on plates with R2A agar (Reasoner & Geldreich, 1985; Becton Dickinson) . The plates were incubated at 28 8C for 2-3 days; one strain, designated XA T was isolated. Subsequently, it was purified by transferring onto fresh plates, and finally maintained on R2A agar at 4 8C and preserved at 280 8C in R2A broth containing 30 % (v/v) glycerol. Biomass for chemotaxonomic and molecular systematic studies was prepared by growing the strain in a shake flask of R2A broth at 28 8C for 2 days. Cells were harvested by centrifugation before use in physiological and biochemical studies. Identification was performed based on the methods described by Schumann et al. (2009) .
Preparation of genomic DNA was carried out according to the method of Marmur (1961) . The 16S rRNA gene sequence of strain XA T was determined by PCR amplification using the universal primers 27f and 1492r (Lane, 1991) . The amplification products were purified and cloned into a pMD18-T vector (TAKARA). Sequencing was performed by using a BigDye Primer Cycle Sequencing kit and a 3730 DNA sequencer (ABI PRISM). The 16S rRNA gene sequence of strain XA T was first analysed using EzTaxon-e (Kim et al., 2012b) , then sequences with a higher similarity to strain XA T were downloaded from the EzTaxon-e server and aligned by the CLUSTAL W method (Thompson et al., 1994) . Finally, the phylogenetic trees were reconstructed using the neighbour-joining (NJ, Saitou & Nei, 1987) and maximum-likelihood (ML, Felsenstein, 1981 ) methods in MEGA 5.05 software (Tamura et al., 2011) . For NJ analysis, the average pairwise Jukes-Cantor distance was first calculated to be 0.050, and then the NJ tree was reconstructed using the Jukes-Cantor model with the rates of gamma distribution (gamma parameter55) (Nei & Kumar, 2000) . For ML analysis, Tamura-Nei's model with gamma distributed rates plus invariant sites was calculated to be the best fit model based on the Bayesian information criterion value and was used to reconstruct the ML phylogenetic tree. Both NJ and ML trees were reconstructed with pairwise deletion of gaps and the topology of the trees was estimated by using bootstrap values based on 1000 replications (Felsenstein, 1985 ).
An almost complete 16S rRNA gene sequence (1490 bp) was obtained for strain XA T . Comparative 16S rRNA gene sequence analyses showed that the highest similarity levels were found with Leifsonia lichenia 2Sb T (96.3 %; An et al., 2009) and Humibacter antri D7-27 T (96.2 %; Lee, 2013) , and sequence similarities with other species in the family Microbacteriaceae ranged from 93.7-96.2 %. A phylogenetic tree based on the NJ method is shown in Fig. 1 . It showed that strain XA T was affiliated with species of the family Microbacteriaceae, but could not cluster together with strains of species of the genera with validly published names. The phylogenetic tree reconstructed by the ML method showed essentially the same topology (Fig. S1, T , which the author already had) and used as reference strains for further taxonomic studies. All subsequent conventional phenotypic tests were performed in parallel on the novel strain and these ten reference strains, except for analyses of polar lipids, respiratory quinones, cell-wall peptidoglycans, DNA G+C contents and antibiotic resistance.
Growth on various media was tested by using TSA medium (Becton Dickinson), nutrient agar (NA, Becton Dickinson) and MacConkey agar (bioMérieux) according to the manufacturer's instructions. Cell morphology was observed by using light microscopy (Olympus; BX50) and scanning electron microscopy (Hitachi; SU8010) after 2 days growth in R2A broth at 28 8C. Endospore formation was observed according to the staining method described by Dong & Cai (2001) . Cell motility was determined by observing the growth spread of cells in test tubes containing semi-solid R2A medium (with 0.75 % agar) after incubation at 28 8C for 5 days. Colony properties were examined after 2 days growth at 28 8C on R2A agar. Growth at various temperatures (4, 10, 15, 20, 25, 28, 30, 37, 42 and 46 8C) was measured on R2A agar for 5 days. The pH range for growth and the requirement for and tolerance to NaCl (0, 1, 2, 3, 4, 5, and 6 %, w/v) were determined in R2A broth. The pH of the medium was adjusted prior to sterilization using the following biological buffers (Breznak & Costilow, 2007) : citrate/Na 2 HPO 4 (pH 4.0, 4.6, 5.0 and 5.6), phosphate (pH 6.0, 6.5, 7.0 and 7.5) and Tris/HCl (pH 8.0, 8.5, 9.0 and 9.5). Anaerobic growth was tested on plain R2A agar and on R2A agar supplemented with sodium thioglycolate (0.1 %, w/v) for up to 10 days in a jar containing an AnaeroPack-Anaero (Mitsubishi Gas Chemical). Hydrolysis of CM-cellulose (1 %, w/v) was investigated by the Congo red overlay method, as reported previously (Ruijssenaars & Hartmans, 2001) . Gram-staining, catalase activity, oxidase activity and hydrolyses of casein, Tween 20, Tween 80 and egg yolk were performed according to the methods of Smibert & Krieg (1994) after incubation at 28 8C for 48 h on R2A agar. The methyl red reaction was assessed as described by Dong & Cai (2001) . Other physiological, biochemical properties and enzyme activities were determined using API 20E, API ZYM and API 50CH strips combined with API 50CHB medium, according to the manufacturer's instructions. Susceptibility of strain XA T to antimicrobials was examined by the disc-diffusion plate method using antibiotic discs (Hangzhou Microbial Reagent) . The antibiotics tested were: azithromycin (15 mg), kanamycin (30 mg), ofloxacin (5 mg), tetracycline (30 mg), rifampicin (5 mg), cefotaxime (30 mg), streptomycin (10 mg) and chloramphenicol (30 mg). Four discs of each antibiotic were put on one R2A plate coated with strain XA T ; the antibiotic susceptibility was identified by measuring the zone of inhibition and comparing the bacteriostatic diameter with the data described on the website (http://www.hangwei-media.com/support/jszc2/2013-10-08/ 23.html). The tests were repeated three times for each antibiotic.
Cells of strain XA
T were Gram-stain-positive, strictly aerobic, non-motile rods (approximately 0.3-0.5 mm in diameter and 0.9-1.7 mm long; Fig. S2 ). Colonies were circular, convex, opaque, ivory, smooth and 1.5-2.0 mm in diameter after 2 days cultivation at 28 8C. They were susceptible to azithromycin (15 mg), ofloxacin (5 mg), tetracycline (30 mg), rifampicin (5 mg), cefotaxime (30 mg), streptomycin (10 mg) and chloramphenicol (30 mg), but resistant to kanamycin (30 mg). Detailed results of the physiological and biochemical analyses of strain XA T are given in the species description. Table 1 shows the key features that differentiate the novel strain from other representatives of closely related genera of the family Microbacteriaceae.
To determine the whole-cell fatty acid composition, strain XA T and the ten reference strains were incubated on TSA agar at 30 8C for about 48 h. When the strains were in comparable growth phases, the extraction and analyses of the cellular fatty acids were performed at the China General Microbiological Culture Collection Center (CGMCC) according to the standard protocol of the Sherlock Microbial Identification system (MIDI; Sasser, 1990 ) version 6.0 and peaks were identified using the peak naming table, TSBA6 6.00. The analyses of polar lipids, isoprenoid quinone and peptidoglycan of strain XA T were carried out by the Identification Service, DSMZ, Braunschweig (Germany). Polar lipids were extracted using a chloroform/methanol/0.3 % (w/v) aqueous NaCl mixture (1 : 2 : 0.8, by vol.) and were separated by two dimensional silica gel thin layer chromatography (Macherey-Nagel Art. No. 818 135). Total lipid material was detected using molybdatophosphoric acid. Respiratory quinones were extracted using methanol/hexane (2 : 1, v/v), followed by phase separation into hexane; they were finally separated into their different classes by TLC on silica gel (Macherey-Nagel Art. No. 805 023) using hexane/tertbutylmethylether (9 : 1, v/v) as the solvent (Tindall, 1990a, b) . Peptidoglycan analysis was carried out by first hydrolysing whole cells of strain XA T with 4M HCl at 100 8C for 16 h, then hydrolysates were subjected to TLC on cellulose plates according to the protocol of Schumann (2011) .
According to the MIDI system, the major fatty acid profile (.10%) of strain XA T comprised anteiso-C 15 : 0 (31.9 %), iso-C 16 : 0 (21.2 %), C 18 : 1 v7c (16.2 %) and anteiso-C 17 : 0 (13.5 %) ( Table 2 ). Further analysis of the peak identified as C 18 : 1 v7c by GC-MS confirmed that this fatty acid was v-cyclohexyl-C 17 : 0 . Therefore, the major fatty acids of strain XA T (.10 %) were anteiso-C 15 : 0 , iso-C 16 : 0 , v-cyclohexyl-C 17 : 0 and anteiso-C 17 : 0 (Table 3) . Comparison of the fatty acid profile was first made between strain XA T and four strains of species of the genus Humibacter, although strain XA T also contained v-cyclohexyl-C 17 : 0 as one of the major fatty acids, which has never been considered a distinctive feature of the genus Humibacter (Lee, 2013) ; anteiso-C 15 : 0 and iso-C 16 : 0 were most abundant in the novel strain, whereas the most abundant T and S. luteola DSM 23141 T ) showed that although the most abundant fatty acid was anteiso-C 15 : 0 in all strains and 5.1 % v-cyclohexyl-C 17 : 0 was detected in Herbiconiux moechotypicola JCM 16117 T , the higher proportions of v-cyclohexyl-C 17 : 0 (16.2 %) in the novel strain could distinguish it from these reference strains (Table 2) . Thus, the novel strain exhibited a different fatty acid profile from reference strains of species of related genera in the family Microbacteriaceae (Table 3 ).
The polar lipids of strain XA T (Fig. S3 ) contained diphosphatidylglycerol (DPG), phosphatidylglycerol (PG) and some unidentified components including seven glycolipids (GL1-GL7), one phospholipid (PL1) and one lipid (L1). The profile of strain XA T , with DPG and PG as the major polar lipids was similar to that of Humibacter ginsengiterrae DCY60
T , Humibacter ginsengisoli DCY90 T , M. liquefaciens DSM 20638 T and R. terrae NBRC 108754 T , but it was a little different with respect to the unidentified components, such as the glycolipids, phospholipids and lipids (Table 3 ). The predominant isoprenoid quinone of strain XA T was found to contain three types of menaquinone. Of them, MK-11 was dominant, reaching 64 % of the total, whereas the proportions of MK-10 and MK-12 were 23 % and 11 %, respectively. This menaquionone pattern was similar to that of Herbiconiux moechotypicola JCM 16117
T , but different to all other members of the family Microbacteriaceae (Table 3 ). The cell-wall peptidoglycan of strain XA T contained the amino acids 2,4-diaminobutyric acid, alanine, glycine, 3-hydroxy-glutamic acid and small amounts of glutamic acid, and the peptidoglycan type belonged to B2c (type B7, according to https:// www.dsmz.de/?id=449). Because no ornithine was detected in strain XA T , this was a key feature differentiating the novel strain from the four species of the genus Humibacter (Table 3 ). In addition, the large amount of 
3-hydroxy-glutamic acid was probably another major characteristic that could differentiate the novel strain from the other five species in other genera of the family Microbacteriaceae (Table 3) . Finally, amino acids, such as L-lys, L-ornithine and L-homoserine (Table 3 ) reported in M. liquefaciens DSM 20638 T were not present in strain XA T , which could differentiate the novel strain from M. liquefaciens DSM 20638 T . Thus, the cell wall peptidoglycan could differentiate the novel strain from all species of related genera in the family Microbacteriaceae.
The G+C content of the genomic DNA of strain XA T was determined using the HPLC method as previously described (Mesbah et al. 1989) . As a result, the DNA G+C content of strain XA T was determined to be 68.2 mol%, a value in the range of some species of the representative genera of the family Microbacteriaceae with validly published names (Table 3 ).
In conclusion, apart from the morphological and the differential physiological and biochemical reactions shown in Table 1 , analyses of the chemical components and phylogenetic analyses are the most important factors for consideration when differentiating strain XA T from other members of the family Microbacteriaceae. Although the profiles of the major fatty acids and polar lipids of strain XA T are similar to those of some species of the genera Humibacter and Herbiconiux, it can be distinguished from these two genera from a combination of the chemotaxonomic features and its distinct lineage within the family Microbacteriaceae in phylogenetic trees. Thus, the data presented here confirm that strain XA T represents a novel species of a novel genus in the family Microbacteriaceae, phylum Actinobacteria, for which the name Cnuibacter physcomitrellae gen. nov., sp. nov. is proposed.
Description of Cnuibacter gen. nov.
Cnuibacter (Cnu.i.bac'ter. N.L. masc. n. bacter, rod or staff; N.L. masc. n. Cnuibacter arbitrary name after CNU, Capital Normal University, where taxonomic studies of this taxon were conducted).
Cells are Gram-stain-positive, strictly aerobic, non-sporeforming, non-motile and rod-shaped. The major cellular fatty acids are anteiso-C 15 : 0 , iso-C 16 : 0 , v-cyclohexyl-C 17 : 0 and anteiso-C 17 : 0 . The predominant polar lipids are diphosphatidylglycerol, phosphatidylglycerol and some unidentified glycolipids. The major isoprenoid quinone is MK-11, followed by MK-10 and MK-12. The peptidoglycan type is B2c and 2,4-diaminobutyric acid is the diagnostic diamino acid.
Phylogenetically, the genus Cnuibacter is a member of the family Microbacteriaceae, phylum Actinobacteria. The type species is Cnuibacter physcomitrellae.
Description of Cnuibacter physcomitrellae sp. nov.
Cnuibacter physcomitrellae (phys.co.mi.trel'lae. N. L. gen. n. physcomitrellae of Physcomitrella the scientific name of a moss genus). 
